Aim: It has been suggested that there is an inverse association between breastfeeding and the risk of childhood cancer. We investigated the association between full breastfeeding and paediatric cancer (PC) in a case control study in Spain. Methods: Maternal reports of full breastfeeding, collected through personal interviews using the Paediatric Environmental History, were compared among 187 children 6 months of age or older who had PC and 187 age-matched control siblings. Results: The mean duration of full breastfeeding for cases were 8.43 and 11.25 weeks for controls. Cases had been significantly more often bottle-fed than controls (odds ratio (OR) 1.8; 95% confidence interval (CI) 1.1-2.8). Cases were significantly less breastfed for at least 2 months (OR 0.5; 95% CI 0.3-0.8), for at least 4 months (OR 0.5; 95% CI 0.3-0.8), and for 24 weeks or more (OR 0.5; 95% CI 0.2-0.9). Conclusions: Breastfeeding was inversely associated with PC, the protection increasing with the duration of full breastfeeding. Additional research on possible mechanisms of this association may be warranted. Meanwhile, breastfeeding should be encouraged among mothers.
The positive effects that breastfeeding has on the prevention of infectious diseases and in strengthening the immune system are well-known. 1 Breastfeeding has many advantages, whether practised for a short or a long term. 2, 3 Antineoplasic protection has been suggested as one of the advantages of breastfeeding for both mother and child. 4 Previous published studies have focused on the long-term effects of breastfeeding on cancer protection in both children and mothers. 5 The low prevalence of PC, long latency periods (including the pregestational period) and the difficulty of epidemiological research design encourage the use of observational case control studies to investigate the risk factors (RF) implicated with paediatric cancer (PC). 6 At every age, cancer results from the interaction of both genetic (endogenous) and environmental (exogenous) determinants. Concurrently, each determinant comprises a range of carcinogenic RF, most of which remain unknown. 7 Furthermore, each RF can be comprised of diverse carcinogenic agents. Such is the case with tobacco smoke, which contains more than 55 different carcinogens. Environmental factors have been associated with 98-99% of all known cancers and with 85-96% of PCs. 8, 9 The primary approach towards PC prevention relies upon research of the RF associated with PC. 7, 10, 11 Primary prevention is the most effective and beneficial form of prevention method in sanitary, financial and socio-cultural terms. The objective of the study was to analyse the preventive effect of full breastfeeding (FB) on PC.
MACAPE (Medio Ambiente y Cáncer Pediátrico -the Environment and Paediatric Cancer Group) is a project for the development of the Paediatric Environmental History (PEH) in children with cancer in the United States, Argentina and Spain. As part of a larger and ongoing study on the determinants of PC that uses the PEH and in which data are still being collected in Spain, we analyse here the role of breastfeeding, examining the association between various PCs and the duration of FB.
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Methods
Study population
We conducted a case control study in Spain in 2007. Cases were all children aged 6 months to 16 years newly diagnosed with cancer from 1 August 2005 to 1 August 2006 at any of the six
Key Points
1 The protective effect of breastfeeding is important in overall paediatric cancer. 2 The degree of protection conferred by breastfeeding increases with the duration of full breastfeeding. 3 The protective effect of breastfeeding on paediatric cancer is observed even for relatively short periods of breastfeeding.
collaborating hospitals. Exclusion criteria included children who were born before gestation week 33, children with a second cancer, and newborns who were hospitalised for longer than 3 days following birth. The study was approved by the hospital network ethics committees and the institutional review boards. In Spain about 900 children are diagnosed with cancer every year. In our study network 220 children with cancer were identified (24% of all Spanish incident PCs that year), of which 33 had some exclusion criteria. Centralised care in reference units of PC in Spain facilitated access to medical records in the hospitals of the network.
Families were contacted by telephone to set the interviews. Completion of the PEH questionnaire lasted 2-3 h. The interview was conducted in person, with one or both parents present. Informed consents were administered to all parents. Children more than 12 years of age were besides offered assent forms. One paediatrician conducted all the interviews at the collaborating hospitals and at the sites of the local parent associations of children with cancer. The paediatrician has expertise on environmental health and oncology and experience to interact with PC patients and their families.
As controls, 187 siblings of affected children were recruited, and matched with the cases on age, seeking a difference of no more than 25% age difference. When a case was a single child or a control of a suitable age could not be found, siblings of a different case and with the same postal code were used as controls (17% of cases).
Exposure data: PEH
The PEH in paediatric oncology used in the study includes a series of concise and basic questions through which the paediatrician identifies environmental exposures in PC. The PEH documents human carcinogens characterised by the International Agency for Research on Cancer and by the US National Toxicology Program. 15, 16 The PEH included information on birthweight, gestational age, delivery type, socio-economic status (net family income), mother's educational level, mother's smoking habits during pregnancy, and mother's current working status (employed or unemployed).
Data were collected on FB, as defined by the World Health Organization recommendations: 'Full breastfeeding is defined as exclusive (no other liquid or solid is given to the infant) or almost exclusive (vitamins, mineral water, juice, or ritualistic feeds are given infrequently in addition to breastfeeds). 17, 18 The duration of FB and bottle-feeding were noted along with the date bottle-feeding was first introduced. In the analyses the duration of FB was used as a continuous quantitative variable (indicated by the number of weeks of lactation). The duration of breastfeeding was also grouped in intervals. SPSS version 13.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. Odds ratios (ORs) and 95% confidence intervals (CIs) were employed to evaluate the association between the duration of FB and PC. Analyses were done for all PCs. A logistic multivariable regression model was used to control for possible confounding factors, such as age, birthweight, gestation period, birthing technique, socio-economic status, mother's educational level, mother's smoking habits during pregnancy, and mother's current working status. Effects were considered statistically significant with P-value < 0.05 and ORs with a 95% CI that did not include 1.
Results
In total, 187 cases and 187 controls were analysed. Participation reached 100% of the cases and controls originally identified in our study. Figure 1 shows the distribution of tumour types of cases. Paediatric acute lymphoblastic leukemia, central nervous system tumours and lymphomas comprised 34%, 14% and 12% of the cases, respectively. The mean age of children at diagnsis was 6.5 years. Table 1 shows the main characteristics and differences between cases and controls. Mean age of the mother, gestational age, birthweights and Apgar scores did not differ between the two groups. There were no significant differences between cases and controls in socio-demographic variables.
The mean and median duration of FB for cases were 8.43 and 4 weeks, respectively, and for controls 11.25 and 8 weeks, respectively. Table 2 shows the ORs between cases and controls of the distribution of the duration of breastfeeding in intervals. Cases had been significantly more often bottle-fed than controls (OR 1.8; 95% CI 1.1-2.8). FB was lower in cases than in controls in all age groups. The odds of being breastfed for at least 2 months and for at least 4 months were, in both age categories, half in cases than in controls (OR 0.5; 95% CI 0.3-0.8). In the stepwise logistic regression analysis, only the duration of FB remained in the model, with an estimated OR decreasing as the number of weeks of FB increased. One extra week of breastfeeding was equivalent to a decrease in the OR of 0.97; 95% CI 0.95-0.99.
Discussion
Our study suggests that FB has a protective effect for PC. That protective effect may start to show from the first 8 weeks of breastfeeding and increase progressively from then on, at least, during the first 6 months of age. Previous research has demonstrated that this effect continues into the second year of life. [19] [20] [21] Studies report a diminished risk for children to develop acute leukemia, predominantly acute lymphoblastic leukemia, as well as acute myeloid leukemia, non-Hodgkin lymphoma, Hodgkin's lymphoma, Wilms tumour and tumours of the sympathetic nervous system if breastfed exclusively. [19] [20] [21] [22] [23] [24] [25] The protective action of breastfeeding therefore seems to be important not only in a subtype but also in all different histological subtypes. In our study, all PCs were analysed concomitantly because it is plausible that similar antineoplasic protection mechanisms may apply for all childhood tumours. 24 Our investigation differs from most studies with a subject pool of n > 100, in that it has been completed by personal interviews conducted by one paediatrician trained to conduct these interviews face to face. We believe that that interview facilitated an accurate collection of data, though at the expense of increasing the economic cost. Personal interviews allowed us to estimate breastfeeding history with a level of detail that would not easily available using other methods for data collection. Consequently, we were able to estimate a clear protective dose-response effect of breastfeeding on PC starting from the first 8 weeks of life.
Siblings of cases were included as controls in our study. The main criterion for selecting appropriate controls in a case control study is to ensure comparability between the two groups. Our controls would be almost certainly included in the cases group if they had developed cancer. Our two groups are highly comparable in all the variables that were measured and presented in our study, as well as in other factors that may not have been measured but might be related to both cancer risk and duration of breastfeeding. Therefore, we believe that our study design has been highly efficient in that it has decreased the possibility of confounding by known or unknown variables.
The main concerns with case control studies are information bias, specially recall bias, and confounding. Recall bias is certainly one of the most serious concerns in case control studies, and our study may not be an exception. Recall bias would be a concern if recall of exposure were differential among cases and controls. There are two reasons why we believe that that concern may have been minimised by our study design. First, we believe that differential recall between cases and controls may have been minimised by the use of a highly qualified interviewer and by having the same parents as sources of information for both cases and controls. Sibling controls guarantees There were no significant differences in any of the variables. that recalls are done by the same persons in both cases and controls. Therefore, unless there is prior hypothesis held by parents suggesting that breastfeeding may be related to cancer, or if the recall periods were significantly different between cases and controls, we may assume that recall would be similar in the two groups. Mean ages of cases and controls were not significantly different in our study. Therefore, on average recall periods were similar between the two groups. Second, and until now, the association between breastfeeding and cancer is not known by parents, as it is not even known by most clinicians in Spain. Therefore, it is unlikely that parents would make a differential effort to recall breastfeeding history in their children who were cases than in those who were used as controls. Besides, the interviews with parents cover a wide range of exposures with breastfeeding being only one of them. Therefore, it is unlikely that there might be a differential recall in that regards.
Confounding by known or unknown factors is also a concern in case control studies. As mentioned earlier, we believe that our study design may also have minimised the role of confounding in this study. Matching by age in our study was not an attempt to control confounding but rather to ensure comparable numbers in all the strata by age, a possible confounder. Therefore, age was included in the analyses as a possible confounder.
Finally, in our analyses we did not incorporate other environmental exposures related to childhood cancer. Consequently, we have not being able to address here possible interactions between those variables and breastfeeding. These possible interactions may be important and should be fully explored. Our work is part of an ongoing research effort if we expect to be able to address these issues in the future.
